they can help translate the chemistry of new substrate binding systems into tools that can be used to recognize selectively various targeted species in the presence of potentially interfering analytes. Anions show a wide range of shapes and geometries and a lot of them are pH-sensitive, factors that have to be taken into account when designing a specific anion host. Anion receptors thus use binding forces that typically involve hydrogen bonding, electrostatic interactions and coordination to suitable metal centre. The effective anion-selective electrode should incorporate a selective ionophore for a guest anion in its membrane matrix 2 .
Among inorganic anions, Cl
-anion is particularly important as it plays an important role in a variety of biological 3 and physiological processes 4 , clinical diagnosis 5 , environmental monitoring 6 and industrial applications [7] [8] [9] . Furthermore, its metabolic imbalance in blood and other body fluids results in various diseases and pathological disorders such as stroke, edema, cystic fibrosis, and atherosclerosis. With a continuous emergence of numerous ionophores, great progress has been made in the research in the direct detection of chloride concentration and potentiometric titration. As an electro active material in an electrode, the ionophore plays a crucial role in determining the performance characteristics of ion selective sensors. Some anion exchangers 10, 11 have been used as Cl -anion-selective ionophores but often lacked selectivity toward Cl -anion over other lipophilic anions such as NO 3 -and ClO 4 -. Lewis acid macrocycles 12 and lanthanide tris(â-diketonates) have also been utilized to prepare Cl -anion-selective electrodes that suffered from significant interference from I -, Br, and SCN -anions 13, 14 . Several other strategies are followed to design an ionophore with variety of functionalities which can compliment with the shape and size of an anion thereby showing selectivity towards a particular anion, like, 2,5-dihydroxy-pbenzoquinone 15 , Polypyrrole-graphite-epoxy composite 16 , Amino methylated polystyrene salicylaldehyde schiff base Co(II) complex 17 , Calix 4 arene derivative with ureido moiety 18 , Tridodecylmethyl ammonium chloride 19, 20 , hydrogen bond forming ionophores 21, 22 , and epoxy resins 23 . Though many species have been examined as potential chloride ionophores, only few have yielded requisite chloride selectivity to be used in the preparation of membrane electrode.
For better performance the ionophore ought to preferentially bind with the target ion and should possess a high degree of its own photochemical and redox stability. Therefore, it is not surprising that the robust macrocycles and their metal derivatives, due to their rich coordination chemistry and structural diversity, have got much attention as ionophores for the selective recognition and sensing of cations and anions [24] [25] [26] [27] [28] [29] . They are incorporated, as ion carrier agents, in suitable polymeric membranes to get the ion selective membrane electrodes. These electrodes respond selectively to the concentration changes of a particular cation or anion and thereby transduce the analyte ion activity into a potential read-out. Objective of the present paper is to synthesize a new highly selective ionophore and to optimize membrane compositions to achieve a chloride ion sensor of improved response characteristics. The 3,8,12,17-Tetramethyl-2,18,9,11-Bipyridyl-1,4,7,10,13,16-Hexaaza Cyclooctadecane Tetrahydro bromide (Scheme. 1) represent a class of macrocycle that should act as anion binding agents 30, 31 . In this anion-receptor interactions of macrocyclic ionophore are expected to reflect contributions from both electrostatic and hydrogen bonding interactions in varying degrees depending on the conditions (e.g., degree of protonation, nature of solvent, etc.) Because of this potential duality, it was proposed that studies of appropriately chosen analytes, capable of multiple types of supramolecular interactions, would provide invaluable insights into the fundamental molecular recognition properties of this class of receptor.
EXPERIMENTAL

Reagents
Reagent grade hexadecyl trimethylammonium bromide (HTAB), dibutylphthalate (DBP), benzyl acetate (BA), dioctylphthalate (DOP), tributyl phosphate (TBP), dioctyl phthalate (DOP), o-nitrophenyloctyl ether (o-NPOE), tetrahydrofuran (THF), barium chloride dihydrate (BaCl 2 .2H 2 O) sodium borohydride (NaBH 4 ), ethylenediamine, hydrobromic acid, and high molecular weight poly(vinylchloride) were purchased from E. Merck (Germany) and used as received. 2,6-Diacetylpyridine and methylacrylate acrylonitrile were procured from S. D. Fine-chem. Ltd. Sodium salts of all anions used were of analytical grade and used without any further purification. The solutions of anion salts were prepared in milliipore water and standardized whenever necessary.
Apparatus
Carbon To synthesize macrocyclic ionophore (MI) using well established 2+2 template condensation method, followed by NaBH 4 reduction of the imine as shown in the scheme 1. Ba(II) was chosen as the templating ion due to its success in promoting template condensation of macrocycles of this ring size. This adaption of the synthetic scheme is yield optimized (65%) and convenient in that condensation and the reduction step was performed in situ. A solution of ethylene diamine (0.5 mL, 7.5 mmol) in a minimum amount of methanol (10 mL) was added drop wise over 15 minutes to the stirred solution of 2,6-diacetyl pyridine (1.224 g, 7.5 mmol) and BaCl 2 .2H 2 O (0.915 g, 3.75 mmol). The mixture was refluxed for 12 h. Yellow solution was allowed to cool to room temperature. Solid NaBH 4 (0.751 g, 20 mmol) was added slowly and the flask was placed in an ice bath and was stirred for 15 minutes. A second addition of NaBH 4 (0.375 g, 10 mmol) was done and the resulting yellow-white mixture was stirred at room temperature for one hour. Evaporation of solvent under reduced pressure yielded a yellowwhite product, which was extracted with dichloromethane (DCM). Evaporation of combined extracts to dryness yielded orange oil. This oil was dissolved in 20 mL of methanol, and 48 % hydrobromic acid (about 6 mL) was added until pH paper tested strongly acidic.
The product was recrystallised by dissolving in a minimum amount of hot water to which was added a small amount of activated carbon. After the mixture was filtered, absolute ethanol was added to incipient cloudiness while the heating and stirring were maintained. The solution was cooled to room temperature and placed in a refrigerator for two days. The white crystalline solid (MI) was washed with ice cold ethanol and stored in a vacuum desiccators. Yield 46 %; M.P. > 300 0 C; color white crystalline solid, reaction time 12 h; Anal. Calcd for C 22 
Preparation of Membranes
In the present work ion sensitive membranes of the PVC matrix were fabricated according to the procedure described by Craggs et al. 32 . An important requirement for making PVC membranes of an ion selective sensor is that the ionophore, PVC and plasticizers and anionic additives should be soluble in some fast evaporating solvent. The ionophores, PVC, different plasticizers and anionic additives used in the present investigations were found to be sufficiently soluble in THF. Therefore, the solvent THF was used for preparing membranes. Thus, membrane cocktails were formulated by dissolving appropriate amounts of ionophores, anionic additives and plasticizers. The components were added in terms of weight percentages. After thorough dissolution, the homogeneous mixture was concentrated by evaporating THF and it was then poured into polyacrylates rings placed on a smooth glass plate. The solution should be poured gently so that bubbles are not formed. A pad of filter papers and a heavy weight are then placed on top of the ring and the assembly was left for one day to allow the tetrahydrofuran to evaporate slowly at room temperature. After 24 hours of evaporation, the transparent membranes of 0.4 mm thickness were removed carefully from the glass plate and glued to one end of pyrex glass tube. It is known that the sensitivity, linearity and selectivity of ion selective sensor depend significantly on the membrane composition. Thus, optimization was performed after a good deal of experimentation to provide membranes, which generate reproducible and stable potentials. The membranes having only PVC as membrane ingredient (dummy membranes) have also been prepared to observe whether any background potentials being produced due to binding material or not.
Preparation of Sandwich Membranes
Ion-selective electrode membranes were cast from above mentioned procedure. The blank membranes (without ionophore) were also prepared having same composition. The sandwich membrane was made by pressing two individual membranes (ordinarily one without ionophore and one with the same components and an additional ionophore) together immediately after blotting them individually dry with tissue paper. The obtained sandwich membrane was visibly checked for air bubbles before mounting in electrode body with the ionophore-containing segment facing the sample solution. The combined segmented membrane was then rapidly mounted on to the electrode body and immediately measured 33, 34 .
Potential Measurement
For the determination of chloride ion, membranes were equilibrated for 48 h in 0.01 M of NaCl solutions. The performance of the electrode was investigated by measuring its potential in NaCl solutions in the concentration range 1.0 ´ 10 -9 -1.0 1 0 -2 M. Small concentrations of NaCl was obtained by gradual dilution of 0.01 M NaCl solution with millipore water. The potential measurements were carried out at 25 ± 1 o C using following cell assemblies:
Ag/AgCl | KCl(satd) | test solution || PVC membrane || 0.01 M NaCl | Hg/Hg 2 Cl 2 | KCl(satd)
RESULTS AND DISCUSSION
Response of Different Anions
In preliminary experiments, various PVCmembrane ion-selective electrodes with the synthesized macrocyclic ionophore (MI) were prepared and tested for different anions. The potential response of the electrodes based on MI for different anions are shown in Fig 1. The results exhibited significantly high selectivity to chloride ion over other anions. Hence, the macrocyclic ionophore (MI) was selected as a carrier for preparation of chloride sensor.
The Effect of Membrane Composition on Potential Response of the Chloride Sensor
Potential of the membranes of MI Table 1 ).
The addition of lipophilic cationic additive in anion selective membranes is necessary to introduce perm selectivity. The influence and concentration of the membrane additives was also investigated by incorporating HTAB into the membranes. The potentiometric sensitivity of the membranes based on both carriers was greatly improved in the presence of HTAB as a lipophilic cationic additive, compared to the membranes with no additive at all. Previous studies have shown that there is an optimal concentration of lipophilic ionic additives in the membranes and that gives the best electrode performance 35 . The effect of HTAB concentration in the membrane was investigated at several additive/ionophore mole ratios. The sensors with HTAB/MI mole ratios of ~ 0.55 for both of the carriers exhibited maximum sensitivity over a wide range of chloride concentration. To evaluate the reversibility of the electrode, a similar procedure in the opposite direction was adopted. The measurements have been performed in the sequence of high-to-low from (1.0 × 10 -2 -1.0 × 10 -6 M) sample concentrations. The results showed that, the potentiometric response of the electrodes was reversible; although the time needed to reach equilibrium values (34 s) was 
Calibration Characteristics
Among the different membrane compositions, membranes with MI/HTAB/DOP/PVC in (w/w, %) 10/4/54/32 showed highest sensitivity and widest linear range and were selected as the optimum composition for further studies (Fig. 2) . These sensors exhibit the maximum working concentration range of 4.1 × 10 -8 to 1.0 × 10 -2 M, detection limit 1.5 × 10 -8 M with a slope of 59.2 ± 0.2 mVdecade -1 of activity (Sensor no. 11 , Table 1 ). Repeated monitoring of potentials and calibration, using the same electrode over several days gave good slope reproducibility; the standard deviation (S.D.) of slope was 0.2 mV decade -1 activity (N=3).
The influence of pH on electrode's parameters
The pH dependence of the electrode potential was investigated in over the pH range of 1-12 for 10 -2 M, 10 -3 M and 10 -4 M of Cl -ion solutions. The potentiometric response of the chloride sensor was found to be sensitive to pH changes. pH was adjusted by the addition of 0.01 M nitric acid and sodium hydroxide. The results given in Fig. 3 show that the potential response remains constant over the pH range ~3.5 -9.5 and the same can be taken as the working pH range of the electrode. The significant change in potential response observed at a deviation at pH values < 3.5, can be due to simultaneous response of the electrode to the oppositely charged H 3 
Anions Effect on Sensor Selectivity
Selectivity is an important characteristic of a sensor that delineates the extent to which the device may be used in the estimation of analyte ion in the presence of other ions and extent of utility of any sensor in real sample measurement. In this work, the selectivity coefficients of the sensors toward different anionic species (A n-) were evaluated by using both the matched potential method (MPM) 36, 37 and the fixed interference method (FIM) 38 .
In the MPM, the selectivity coefficient (
K , ) was determined by measuring the change in potential upon increasing the primary ion (Cl -) activity from an initial value of a Cl to ´C l and a B represents the activity of interfering ion added to the reference solution of primary ion of activity a Cl which also brings about same potential change. It is given by expression:
In the present studies a Cl and a´C l were kept at 1.0 × 10 -4 and 1.0 × 10 -3 M Cl -and a B was experimentally determined. FIM is the most widely used procedure as per IUPAC recommendation for determining selectivity coefficients 39 . In the FIM, the selectivity coefficient was evaluated from potential measurement on solutions containing a fixed concentration of interfering ion (1.0 × 10 -2 M) and varying amount of Cl -ions. The values of selectivity coefficient so determined are compiled in Table 2 . A value of selectivity coefficient equal or greater than to 1.0 indicates equal response to both primary ion and interfering ions. A value smaller than 1.0 shows that the sensor is selective to the primary ion over the interfering ion. It is seen from the Table  2 , that the selectivity coefficients determined by both the methods are sufficiently smaller than 1.0 indicating that the present sensors are significantly selective to chloride ion over all the interfering ions. Most of the interfering ions showed low values of selectivity coefficients (~ 10 -3 -10 -4 ), indicating no or minimum interference in the performance of the electrode assembly.
Determination of Formation Constant
Formation constant of the ion-ionophore complex within the membrane phase is a very important parameter that dictates the practical selectivity of the sensor. In this method, two membrane segments are fused together, with only one containing the ionophore, to give a concentration-polarized sandwich membrane. A membrane potential measurement of this transient condition reveals the ion activity ratio at both interfaces, which translates into the apparent binding constants of the ion-ionophore complex 40 . In this method complex formation constants obtained by neglecting ion pairing because ionpairing effects are relatively nonspecific i.e, all ion pair formation constants have approximately the same value. As reported, the membrane potential E M is determined by subtracting the cell potential for a membrane without ionophore from that for the sandwich membrane. The formation constant is then calculated from the following equation 2:
Where L T is the total concentration of ionophore in the membrane segment, R T is the concentration of lipophilic ionic site additives, n is the ion-ionophore complex stoichiometry, and R, T and F are the gas constant, the absolute temperature, and the Faraday constant. The ion carries a charge of z I . The determined formation constants (log  ILn ) for the examined different complexes were recorded in Table 3 . The elapsed time between sandwich fusion and exposure to electrolyte was typically <1 min. The potential was recorded as the mean of the last minute of a 5 min measurement period in the appropriate salt solution.
The potential of such sandwich membranes remains free of diffusion-induced potential drifts for about 20 min. Standard deviations were obtained based on the measurements of sets of at least three replicate membrane disks that were made from the same parent membrane. A careful analysis of the data in Table 3 reveals that chloride ion has significant anion-binding characteristics.
Analytical Applications
The proposed chloride membrane sensor (no. 11) was found to work well under laboratory conditions. It was applied successfully as an indicator electrode in the potentiometric titration of 20 mL of 1.0 × 10 -4 M NaCl with 1.0 × 10 -3 M AgNO 3 and the resulting titration curve are shown in Fig 4. As can be seen, the amount of chloride can be determined with sensor.
The analytical utility and sensitivity of the proposed membrane sensor was verified by analysis of Cl -ion from soil water samples. Four basic factors determine the amount of Cl -available to crops growing in well drained soils, the Cl -concentration in the soil solution; atmospheric deposition of Cl -; the Cl -concentration in the irrigation water; and the content of Cl -in fertilizers and manure. As a result of their genetic characteristics, crops have different requirements and tolerance to Cl -. The amount of Cl -added to a field via the irrigation water (fresh or treated municipal effluents) depends on farm activities. Water of low to medium salinity contains 100 -300 g Cl -m -3 , whereas saline water contains 300 -1200 g Cl -m -3 (41) (42) (43) (44) .
The direct potentiometric measurement was carried out using standard addition technique, where recovery percentage in the range 94.4 -97.3. The result obtained for the determination of chloride ion at several concentrations is in close agreement with the known chloride content as given in Table 4 . Recovery experiments were performed by repeated measurements (n = 3) of soil water samples containing various amounts of chloride ions.
CONCLUSIONS
We synthesize a new macrocycle as anionrecognizing ionophore 3,8,12,17-Tetramethyl-2,18,9,11-Bipyridyl-1,4,7,10,13,16-Hexaaza Cyclooctadecane Tetrahydrobromide for the fabrication of potentiometric membrane and fully characterize the potentiometric performances of selective chloride ion membrane sensor. The proposed macrocylcic ionophore is found to be very useful in ISE membranes for chloride determination.
Compared with earlier sensors, the new ISE for Cl -shows advantages as to stability, lower detection limit, high pH range and good selectivity. Fast response and a reasonable long-term stability to chloride ions characterize the proposed electrode. On the basis of their selectivities, this sensor is expected to be adequate for the environmental water monitoring. Present sensor no. 11 was compared with some reported chloride selective sensors (Table 5 ). It is seen that the selectivity, working concentration range and pH range of the proposed sensor toward chloride is better as compared to reported sensors.
